Increased reliance of urban populations on Rio Grande water has necessitated an expanded microbial surveillance of the river to help identify and evaluate sources of human pathogens, which could pose a public health risk. The objectives of this study were to investigate microbial and chemical water quality in Rio Grande water and to perform risk assessment analyses for 
the Rio Grande watershed, which can contribute to the microbial burden of Rio Grande water. Moreover, large cattle farms are located in the vicinity of Las Cruces and El Paso. LeChevallier et al. (1991a, b) found oocysts in 87% of surface water samples and 27% of drinking water systems in the United States, yet few studies examined the fate of oocysts in the environment (Fayer 1994; Fayer & Nerad 1996; Yang et al. 1996) . Breakdowns or overloading in public water utilities with microbial pathogens have occasionally resulted in community outbreaks of gastroenteritis. There has been a limited microbial surveillance of the Rio Grande River, and no characterization of Cryptosporidium oocysts has been reported in this study area.
When water supply sources are being investigated for the first time or when new sources are being developed, it is prudent to undertake a wide range of analyses in order to establish the overall safety and wholesomeness of the water.
The objectives of this study were to investigate microbial and chemical water quality in Rio Grande water along the US -Mexican border region, and to perform risk assessment analyses for Cryptosporidium to determine the public health significance of using Rio Grande water as a source of drinking water.
MATERIALS AND METHODS

Sampling sites
Six sampling sites were selected along the Rio Grande Giovanni et al. (1999) . Briefly, ten-litre grab samples of surface water were concentrated by centrifugation at 1,800 £ g for 10 minutes using an SLC-4000 rotor (Sorvall, RC. 5C, Newton, Connecticut) with the concentrate purified by IMS. Purified samples (110 ml) were divided into 60 ml and 50 ml aliquots, which were assayed by an IFA microscopy and ICC-PCR, respectively.
Risk assessment of Cryptosporidium
The exponential dose-response model developed by Haas (1983) and Haas et al. (1996) has been used in various studies for determining the probability of infection from ingestion of various numbers of Cryptosporidium oocysts.
The following is the model used for estimating the risk of infection for Cryptosporidium in the present study.
Where, P is the probability of an infection resulting from ingestion of the number of organisms (N). Regli et al. (1991) suggested an annual acceptable risk of 1:10,000 (10 24 ) from waterborne exposure through potable water. K is the average number of organisms that must be ingested to initiate an infection. Using the exponential model with the infectivity data from the study by Dupont et al. (1995) , the best-fit K value has been determined to be 238.6 (95% confidence limits, 132.0 -465.4) (Haas et al. 1996) .
Detection of indicator microorganisms
Bacteria
Total and fecal coliform, and heterotrophic bacteria (HPC)
analyses were performed using a membrane filtration 
Bacteriophages
Samples were analysed for male specific bacteriophages using two different hosts, Escherichia coli F amp (ATCC #700891) and C-3000 (ATCC #15597), and somatic bacteriophages were detected using E. coli CN-13 (ATCC #700609) and Salmonella typhimurium LT2 (ATCC #19585). Ten ml of samples were assayed using the double agar layer technique (Adams 1959) . Briefly, 5 ml of the samples were added to molten top agar with a respective host and plated on bottom agar plates in duplicate. The plates were incubated at 378C overnight, and plaques were counted after 12 hours. The positive and the negative controls were included in each set of assay for each host group. imply less likely removal of DOC (Edzwald 1993) . Turbidity was measured in the laboratory using the same spectrophotometer. Dissolved oxygen (DO), conductivity, pH and temperature were measured in the field.
Physico-chemical analyses
RESULTS
Cryptosporidium oocysts
The recovery efficiency (RE) of oocysts from seeded tap and low turbidity water was 79.2 -88.0%, whereas that from high turbidity water averaged 33.1%. The IMS sample concentrate was split and ICC-PCR performed. The results of IMS-IFA and IMS-ICC-PCR were comparable (Table 1) .
A total of 51 water samples were analysed for The greatest numbers of total and fecal coliforms were found in samples from sites 2 and 6.
A total of 51 water samples were assayed for heterotrophic bacteria. The number of heterotrophic bacteria ranged between 1.0 £ 10 4 and 2.1 £ 10 7 with an average of 1.7 £ 10 6 cfu 100 ml 21 ( Figure 6 ). The bacterial numbers were relatively high at site 5 during the months of June, August, September and November.
Bacteriophages
Male specific coliphages were detected in 52% (11/21) and 49% (28/57) of the samples using host E. coli F amp and C-3000, respectively. Somatic coliphages and bacteriophages were detected in 62% (24/39) and 48% (10/21) of the samples using E. coli CN-13 and Salmonella typhimurium LT2, respectively. Figures 7 -10 summarize the temporal and spatial variation of bacteriophages in the Rio Grande River.
Relationship between coliforms and bacteriophages
Relationships between the logarithms of total coliforms, fecal coliforms and bacteriophages were investigated. The results are shown in Figure 11 . A highly significant correlation (R 2 ¼ 0.8484, p , 0.05) between total and fecal coliforms was observed, whereas the correlation p Average number of organisms that must be ingested to initiate an infection. pp Assume that daily risks (P) are independent and identical.
water samples ranged from 3 to 612 NTU, whereas DO, conductivity, temperature and pH range observed were 3.59-11.3 mg l 21 , 288-2,709 mmhos cm 21 , 5.7-278C and 7.4-8.9, respectively.
DISCUSSION
The recovery efficiency of oocysts from Rio Grande water using IMS-IFA method averaged 33.1%. The equivalent respectively. The number of coliphages detected using E.
coli CN-13 host was very similar to that using E. coli C-3000 host (Figures 7 and 9 ). It appears that E. coli C-3000 host not only detects male specific coliphages, but it can also detect some somatic coliphages. In this study, the number of (USEPA 1998). In the context of low DOC and low SUVA values of Rio Grande water, the drinking water utilities in the area need to achieve a balance between the tasks of greater microbial inactivation and reduced DBP formation. The data provided from this study can help them to achieve these objectives.
CONCLUSIONS
The following conclusions can be drawn from the present study:
1. No oocysts in any of the ten-litre grab samples were detected; however the limit of detection in the samples ranged between 20 and 200 oocysts 100 l 21 .
2. The limits of detection obtained in this study would result in one to two orders of magnitude higher risk of infection for Cryptosporidium than the annual acceptable risk level of 10 24 .
3. Total and fecal coliform bacteria data showed the significance of animal farming (site 2) and raw sewage (site 6) as sources of fecal pollution. 
